BNIP-2 induces cell elongation and membrane protrusions by interacting with Cdc42 via a unique Cdc42-binding motif within its BNIP-2 and Cdc42GAP homology domain.
The Cdc42 small GTPase regulates cytoskeletal reorganization and cell morphological changes that result in cellular extensions, migration, or cytokinesis. We previously showed that BNIP-2 interacted with Cdc42 and its cognate inactivator, p50RhoGAP/Cdc42GAP via its BNIP-2 and Cdc42GAP homology (BCH) domain, but its cellular and physiological roles still remain unclear. We report here that following transient expression of BNIP-2 in various cells, the expressed protein was located in irregular spots throughout the cytoplasm and concentrated at the leading edge of cellular extensions. The induced cell elongation and membrane protrusions required an intact BCH domain and were variously inhibited by coexpression of dominant negative mutants of Cdc42 (completely inhibited), Rac1 (partially inhibited), and RhoA (least inhibited). Presence of the Cdc42/Rac1 interactive binding (CRIB) motif alone as the dominant negative mutant of p21-activated kinase also inhibited the BNIP-2 effect. Bioinformatic analyses together with progressive deletional mutagenesis and binding studies revealed that a distal part of the BNIP-2 BCH domain contained a sequence with low homology to CRIB motif. However, in contrary to most effectors, BNIP-2 binding to Cdc42 was mediated exclusively via the unique sequence motif 285VPMEYVGI292. Cells expressing the BNIP-2 mutants devoid of this motif or/and the 34-amino acids immediately upstream to this sequence failed to elicit cell elongation and membrane protrusions despite that the protein still remained in the cytoplasm and interacted with Cdc42GAP. Evidence is presented where BNIP-2 in vivo induces cell dynamics by recruiting Cdc42 via its BCH domain, thus providing a novel mechanism for regulating Cdc42 signaling pathway.